Abstract-Over recent years, Cognitive Radio (CR) network has been extensively investigated to improve spectrum utilization and satisfy the demand of bandwidth for multimedia services such as video transmission. The size of video stream requires a large volume of network resource and becoming a challenging problem to maintain or improve the quality performance of video transmission. Multiple Description Coding (MDC) is one of the promising methods used to improve the error resilient in video transmission. Each description generated from MDC provides a low but acceptable video quality and could be enhanced into a higher quality if both are received at the receiver. The objective of this paper is to investigate the performance of video transmission in CR system using joint design of MDC method with H.264/AVC coding technique. The video performance was evaluated in three different channels; error free, random erroneous and CR channel. The simulation results show that the proposed MDC design improved the video quality performance by 3.33 % compared to the conventional Single Description Coding (SDC).
I. INTRODUCTION
Video transmission is one of the multimedia services that become necessary nowadays and in the future. It requires a large bandwidth and at the same time need to accommodate delay constraint and maintain the performance quality. The CR technology known as an effective solution that can effectively address the spectrum issue as it has been identified as the main resource in video transmission.
In CR network (unlicensed network), the Secondary User (SU) is co-located with the Primary User (PU) of the licensed network. The SU will seek for the opportunities to transmit in the absence or the presence of the PU. These are called overlay and underlay mode of CR. In overlay CR, the SU will access the spectrum when the PU is idle [1] . Meanwhile, the SU will utilize the spectrum with the existence of the PU without offering any harmful interference to the PU in underlay mode. The CR technology can exploit co-deployed networks and utilize the underutilize spectrum for future video-aware wireless network [2] .
Video transmission over CR has started to draw researchers attentions in recent years. A number of previous studies have demonstrated some different techniques that have been widely used by researchers. However, problems have emerged on how to exploit the spectrum opportunities to maximize the video quality and avoid any false detection whilst not giving any interference to the PU. In [2] , they proposed the algorithm with the formulations of cross layer optimization to minimise the video distortion in infrastructure and non-infrastructure based CR network. The performance of video transmission in [3] was measured under sensing uncertainty. The transmission in CR system was based on the Hierarchical QAM in presence of imperfect sensing. The constraint from transmit and interference power level also involved. [4] studied the issues on video streaming using Scalable Video Coding (SVC) in overlay and underlay. In their study, the I-frame insertion was performed as an error resilience method to mitigate the packet loss during transmission in the existence of PU.
In [5] , a new paradigm of video compression was proposed to address the issue of constraint in CR networks. The Distributed Video Coding (DVC) technique was introduced to utilize resources and video frame dependencies in video compression to improve error resilience. The video streaming performance was investigated in [6] where relay-assisted multiuser was proposed in CR network. The stochastic programming formulation was presented. In [7] , the H.264/SVC utility-based was proposed to improve the video streaming quality over multi-channel CR networks. The sensing transmission scheme for opportunistic spectrum access (OSA) was developed in this paper. Recently, [8] proposed the scheme for energy efficient transmission with quality of service (QoS) guaranteed for video trans-mission over CR. Joint design of SVC and transmission rate adaptive (TRA) was introduced.
MDC is one of the coding technique that provide an effective method to reduce the packet loss in wireless network [6] . This technique is suitable for video applications when re-transmission is unacceptable. Traffic dispersion is empowered and network congestion is reduced. MDC technique for CR has been deliberated in [10] , [11] , [12] , [13] , [14] and [15] . In [10] , MDC was used at the base of SVC layer for video transmission to improve the error resilient property for underlay CR. At the video encoding process, even and odd frame became the form of error resilience. However, no proper error concealment was applied. [11] and [12] studied the MDC multicast (MDCM) in orthogonal frequency division multiplexing (OFDM) based on CR network. Their studies show that the optimised resource allocation with MDC scheme was found to provide higher throughput than the conventional multicast scheme. However, their results did not cover the video transmission during the underlay mode of CR.
In [13] , MDC as a source coding was applied to CR systems to deal with packet loss due to interruptions from PU. However, they only focused on image sources in this paper. In [14] , they proposed MDC with a specific packetization framework to overcome the PU interruptions and collision from SU and in [15] , they proposed MDC based on distributed systems for CR network where primary interruptions and subchannel fading became the realistic case when packets are dropped. As discussed in the previous work, they only used image as the only source.
An investigation of the performance for video transmission over CR network is presented in this paper. The Advanced Video Coding (AVC) is used as the encoder and decoder of the video sources. The technique of using MDC for the video transmission with H.264/AVC as the video coding standard is proposed. The video coding performance will be measured under three environments: error free channel, random erroneous channel and CR network channel. An error concealment technique will be applied at the receiver to obtain higher video quality.
The remaining of the paper is organised as follows. Section II presents the proposed systems model followed by the simulation results and discussion in Section III. Section IV will present the conclusion of the paper.
II. SYSTEM MODELS
The H.264/AVC video coding delivers high coding efficiency with high degree of flexibility in a variety of network operation conditions due to the removing of many restriction in data structure such as macroblock ordering [16] . One of the features for error resiliency is known as flexible macroblock ordering (FMO) that was used in H.624/AVC. Scalable video coder based on H.264/AVC designed with two simple layers was proposed to improve the quality of scalable video coding by exploiting the FMO.
MDC has become as one of the significant technique to offer the error resilience in video transmission. Generally, two or more descriptions will be generated by MDC encoder. These descriptions or bitstream are independently decodable and equally important. Each description of the MDC provides an acceptable video quality and with multiple descriptions, higher quality will be achieved correspondingly [17] . Each description will be transmitted to the receiver over an independent path. With this technique, MDC is most likely able to achieve high throughput, increase packet loss tolerance and delay any network congestion.
Common MDC will generate two descriptions, E i at the encoder. Each path may fail with probability p i = 1 2 . The failure of the descriptions arrived at the receiver only known by decoder and typical assumption made that both path do not simultaneously fail. By having two descriptions, if one of the description failed, the other description will still be decoded with an acceptable quality. Fig. 1 shows the proposed framework for MDC over CR network. At the encoder, two descriptions are generated and sent separately across two channels. The two generated descriptions are odd and even frames denoted as E 1 and E 2 respectively. The odd and even frames are chosen to be the descriptions because of their simplicity for implementation; the general encoder is not being modified and less processing. So, it can be implemented on other video coding standard including MPEG2, MPEG4 and H.264 [10] . At the decoder, if both descriptions E 1 and E 2 are received, the descriptions will be decoded then a high-quality reconstruction will be applied. If any of two descriptions is received, the side interpolation will be applied after description being decoded. The decoded frame may still be displayed and recover the video at half of its original frame.
III. SIMULATION RESULTS
H.264/AVC is used as video coding standard using the proposed MDC framework for video simulation. To investigate the performance comparison of the proposed MDC with SDC, various simulations were carried out. Both algorithms were individually simulated using MATLAB software. The H.264/AVC codec was modified from [18] and [19] . The simulation parameters for video encoder and decoder are shown in Table I . The suzie qcif.yuv (176x144 pixels/f, 30 f/s) sequence was used to examine the performance of the proposed framework as shown in Fig. 2 [20] . 
A. Proposed MDC over Error Free Channel (MDC-EFC)
The coding performance of the proposed framework was first evaluated under the environment of an error free channel where no packet was loss during transmission. The peak signal to noise ratio (PSNR) was used as a performance measurement to evaluate the proposed method. The PSNR value was obtained from the comparison of original and compressed video sequence. Equation (1) described the PSNR used in the implementation.
A logarithmic scale was used on measuring the PSNR and depended on the mean squared error (MSE) of the original and impaired video frame [16] .
P SNR dB = 10 log 10 (255 2 )
MSE
(1) Table II shows the PSNR of the proposed MDC compared to the PSNR of SDC. The result shows that the PSNR value of the proposed MDC was slightly higher than SDC by 0.0106 dB. Even though the reconstruction process was applied when both MDC descriptions received at the decoder, it still showed better quality performance than SDC by an improvement of 0.02 %. The MDC is coded at higher bit rates than SDC.
B. Proposed MDC over Random Erroneous Channel (MDC-REC)
The second evaluation for the coding performance of the proposed MDC was under random erroneous channel. For random erroneous channel, the packet loss was randomly assumed and applied during the transmission. The packet loss rate (PLR) was described in equation (2) .
P LR =
N umber of packet loss N umber of packet sent In the simulation, one of the proposed MDC description was subjected to 1-20 % of packet loss. For a fair comparison, the same value of packet loss was applied to the video stream from SDC. The quantisation of the encoder in H.264 is controlled by a quantisation parameter (QP) that ranges from 0-51 [16] . The QP was used to indicate the video quality factor. QP value varies from 10-50 was used in the simulation. The result in Fig. 3 reveals that the PSNR value for the proposed MDC was higher than SDC at each percentage of packet loss. The previous work in [17] and [21] also proved that the PSNR for their MDC is higher than SDC. The PSNR value appeared to decreased in rate with the increasing of PLR. Fig. 4 shows the quality factor performance of the proposed MDC and SDC at 10 % of PLR. The PSNR value was found inversely proportional with the QP value and the proposed MDC showed higher PSNR value than SDC. The video sequence with the subjective quality comparison of the proposed MDC and SDC at QP=10 and PLR=10 % is shown in Fig. 5. Fig. 6 shows the bitrate performance of the proposed MDC. The result shows that there has been a gradual decrease in the bitrate value when the QP increased. Also, the proposed MDC gained higher bitrate than SDC.
C. Proposed MDC over CR Channel (MDC-CRC)
The third evaluation involved the simplified CR channel that measure the performance of the proposed MDC. The proposed MDC performance was compared to SDC. The simulation for CR channel model was based on the AWGN channel with BPSK modulation. Outage probability value from [22] was assumed as an interference from other user. Equation (3) described the outage probability calculation. where λ is an exponential distribution of the channel gain from secondary source (SS) to secondary destination (SD) and θ is the multiplication of outage probability event with noise over transmit power. At the proposed MDC decoder, the received bitstream contained the channels noise and an interference from another user as described in equation (4) .
Bit Error Rate (BER) was used to evaluate the performance of the proposed MDC as shown in Fig. 7 . The result shows that, the BER performance of proposed MDC is better than SDC by 1.87 %. In the simulation, one of the proposed MDC video stream was subjected to the packet loss. As an example, the PSNR of the proposed MDC and SDC was measured at 5 dB E b /N 0 . The average PSNR performance is shown in Table III . The result shows that the proposed MDC outperforms SDC at 5 dB E b /N 0 with PSNR of 35.2885 compared to 34.4075. Fig. 8 shows the subjective quality of the improvement obtained from the proposed MDC. 
IV. CONCLUSION
In this paper, the framework of MDC with H.264/AVC video coding is proposed. The performances of the proposed framework were evaluated in the three different channel environments. The even and odd frames decomposed by MDC encoder was used as the error resilience technique to deal with the packet losses in CR network. Improvement by 3.33 % over SDC was demonstrated by various simulations applied to the proposed MDC. The video quality performance shown in the simulation results respected the theoretical ones. Error concealment framecopy method was applied to optimize the quality of video coding performance. Future works will focus on using the real CR channel system model with different types of interference model to investigate the performance quality of video transmission over CR network.
